INTRODUCTION
Induction of labor in women with an unfavorable cervix is a challenge for every particular pregnant woman since what is desired -a short labor with a high rate of vaginal delivery -is not easily reached. In fact, in case of unfavorable cervix, usually defined as a Bishop score less than 6, the efficacy of labor induction is lower compared to a favorable cervix. Thus, in the former group, cervical priming is usually required before induction. 1 Mechanical methods, including the use of cervical catheters or cervical dilators, contribute to the modification of physical and chemical properties of the cervix by a direct mechanical effect of distension and secondarily by promoting the release of prostaglandins. Cervix priming with mechanical methods for term pregnancy with unfavorable cervix has been demonstrated to be as effective as priming with prostaglandins but associated with less adverse effects. 2, 3 Compared to pharmacological agents, mechanical methods have fewer systemic effects and are associated with lower rates of tachysystole; they have a lower cost and do not require specific conditions of storage and refrigeration. 4 However, the introduction of mechanical methods may contribute to maternal discomfort and have been associated with a potential risk of maternal and neonatal infection. 5 The aim of the present study was to analyze the efficacy and safety of cervix priming with Foley catheter.
MATERIAL AND METHODS
This is a prospective observational study that included all cases of induction of labor with Foley catheter in a tertiary hospital and took place between September 1, 2013 and November 30, 2015. The study was approved by the local Ethics Committee.
The present study included all women with a single fetus in cephalic presentation, Bishop score (BS) < 6, gestational age ≥ 41 weeks or medical indication for induction of labor that were submitted to cervix priming with Foley catheter. Women with a fetus in noncephalic presentation, an indication for elective cesarean delivery, spontaneous labor, hydramnios (amniotic fluid index ≥ 25), nonreassuring cardiotocogram, a multiple pregnancy, rupture of membranes, active vaginal bleeding, indication for prophylaxis of Streptococcus group B infection, HIV infection, cervical injury or previous cesarean section with recurrent indication were excluded.
The protocol of our Department for the induction of labor with mechanical methods implies the use of a single balloon (Foley catheter nr. 16F). The introduction of a deflated catheter through the outer cervix orifice is preceded by iodine disinfection of the cervix. The catheter is introduced under direct visualization and passed through the cervix in order to place the balloon above the internal os and then it is distended with 40 mL of a saline solution. The external end of the device is taped with tension to the medial aspect of the woman's thigh. Manual traction is applied to the catheter every six hours and if it is not spontaneously extruded it is removed 24 hours later. Before or during cervical priming with Foley catheter no antibiotic prophylaxis is performed. Independently of spontaneous extrusion of the catheter or manual removal, the induction of labor is carried out in accordance with BS and, for that purpose, we use prostaglandins if BS < 6 or oxytocin if BS ≥ 6. Our standard regimen for labor induction is misoprostol, vaginal administration of 25 mcg every 4 hours for a total of 24 hours. In case of BS < 6 after 24 hours of misoprostol, the woman rests for 24 hours and then restarts a new cycle of a maximum of five misoprostol administrations. Prostaglandins are not used in the case of a previous uterine scar.
The primary outcome measure was variation of BS (difference between BS before and after application of FC) during cervix priming with Foley catheter. Secondary outcomes were mode of delivery, induction-to-delivery time, tachysystole with fetal decelerations, intrapartum and postpartum fever ≥ 38º C, maternal pain, maternal and neonatal morbidity and mortality.
Nonreassuring fetal status was diagnosed based on cardiotocography, using the American College of Obstetricians and Gynecologists (ACOG) classification. 6 In accordance with the United States National Institute of Child Health and Human Development, Society of Maternal-Fetal Medicine, and American College of Obstetricians and Gynecologists, we considered failed induction as failure to generate regular contractions approximately every three minutes and cervical change after at least 24 hours of Oxytocin administration. Membranes should be artificially ruptured, if safe and feasible. After rupture of membranes, the induction may be considered a failure if regular contractions and cervical change do not occur after at least 12 hours of oxytocin administration. 7 In case of BS < 6 after Foley catheter removal or extrusion, failed induction was considered when BS < 6 persisted after 10 misoprostol administrations according to our protocol. In patients with a previous cesarean section, a BS < 6 after Foley catheter removal or extrusion was considered a failed induction; if BS ≥ 6 induction proceeded with oxytocin.
Maternal pain associated with the introduction of the Foley catheter was determined with the visual analog scale for pain (VAS Pain 0 -10). The patient was asked to quantify the pain before the introduction of the catheter and again after its removal or extrusion. Patients in the second evaluation were asked to report the maximum pain during the cervix priming with Foley catheter. The maximum pain score was considered clinically relevant when it was at least moderate (≥ 3).
Data processing was carried out using SPSS version 21.0 (IBM, Amonk, NY, USA). Statistical analysis was performed using the Mann-Whitney U and χ2 tests. p < 0.05 was considered statistically significant.
RESULTS
We included 201 patients submitted to induction of labor with Foley catheter. Demographic characteristics are represented in Table 1 . The main indications for labor induction were gestational age above 41 weeks (72/201) and hypertensive disorders of pregnancy (44/201). 
In half of cases (108/201) the catheter was removed 24 hours after its insertion. In 46% (93/201) of inductions, the catheter was spontaneously extruded on average 15 hours (1 -19) after its introduction. The mean change in Bishop score after catheter placement was 3 (1 -7); in 11 cases it remained unchanged after catheter removal (5%).
The mean variation of VAS Pain after cervical priming with Foley catheter was 1 (range 0 -8), with only 9% (19/201) patients describing a moderate pain after catheter. The rate of vaginal delivery was 71% (142/201). Of the 59 cesarean deliveries, 30 were for labor arrest disorders, 12 for suspected fetal hypoxia and 16 for negative induction of labor. Within the sample, 40 women had a previous cesarean section, with a VBAC rate of 37% (15/40).
In 94 cases, after the removal of the Foley catheter, the induction of labor proceed with oxytocin infusion but in the other 107 women cervical priming was continued with the administration of misoprostol. Excluding the 40 women that had had a previous cesarean section, there was no significant statistical difference in the rate of vaginal deliveries between the group that had priming with Foley catheter followed by misoprostol (84/107) versus the group with only Foley catheter (43/54) (p = 0.87).
The mean induction-to-delivery time was 38 hours (4 -120). Excluding the cases with a previous cesarean section there was a statistically significant difference in the mean induction-to-delivery time between the group that had priming with Foley catheter followed by misoprostol (41 hours) and the group with Foley catheter followed by oxytocin (31 hours) (p < 0.01).
The rate of peripartum fever ≥ 38ºC was 3% (6/201). There was only one case of significant vaginal bleeding with the need to remove the catheter and three cases of tachysystole, only one of them with changes in fetal heart rate. All cases of tachysystole were reported after the administration of prostaglandins. There has been no significative maternal or neonatal morbidity (Table 2) .
DISCUSSION/CONCLUSION
We reported a series of labor induction with previous cervix priming with mechanical methods and described its efficacy in terms of vaginal delivery rate (71%) and average induction-to-delivery time (38 hours).
In our sample, Foley catheter priming resulted in a mean variation of Bishop score of 3 which is in accordance with what is described in the literature. Use of catheters has been associated with a mean change in Bishop score of 3.3 to 5.3.
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We included all the cases with an unfavorable cervix, which were submitted to a mechanical method as a first choice. After catheter removal or spontaneous extrusion, the induction proceeded in accordance with BS. In cases of favorable cervix, oxytocin was administered and in this group we verified a statistically significant lower average induction-to-delivery interval compared to the group with persistent unfavorable cervix that needed prostaglandins after mechanical priming. This is easily understood since the BS after Foley catheter in the group that proceeded induction with oxytocin was higher than in the group that needed prostaglandins after priming with Foley catheter. A higher Bishop score increases the probability of vaginal delivery in spontaneous or induced labor.
1,8,9
Intracervical catheters have been considered painful methods for cervix priming. 10 Nonetheless, data on maternal satisfaction is lacking. We tried to evaluate maternal satisfaction by an objective record of pain related with the placement of the Foley catheter. We verified that the majority of the cases reported very light or no pain, making Foley catheter a well-tolerated method of cervix priming.
In our cohort sample of women with unfavorable cervix we verified a vaginal delivery rate of 71% with an average induction-to-delivery time (38 hours). Studies that compared prostaglandins alone and the combination of a balloon catheter with a prostaglandin for cervix priming resulted in fewer failures to vaginal delivery within 24 hours for the combination group (RR 0.45; 95% CI 0.28-0.71; 3 trials, 698 women), but a similar cesarean delivery rate (RR 0.92; 95% CI 0.79-1.08; 8 trials, 1295 women). 4 There are no randomized controlled trials evaluating the efficacy of a balloon catheter and prostaglandins compared with the use of a catheter alone for cervical priming. This was not the aim of our study. A recent report has demonstrated that cervix priming with Foley catheter was associated with shorter induction to delivery interval and more deliveries within 24 hours, compared with prostaglandins (PGE2) with no difference in the cesarean delivery rate.
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Many obstetric societies advise against the use of prostaglandins for cervical ripening or labor induction in women in the third trimester with prior uterine incisions because of the risk of uterine rupture. Nonetheless, ACOG and Society of Obstetricians and Gynaecologists of Canada consider mechanical methods a safe option for trial of labor after cesarean delivery (TOLAC). 12, 13 Our study reinforces the role of mechanical methods for TOLAC since we included 40 women with a previous cesarean section and achieved 37% of VBAC with no documented maternal or neonatal morbidity.
In our study the rate of peripartum fever ≥ 38ºC was 3%. Controversy exists about the infectious risk of Foley catheter urging new investigation. 10, 14 A recent systematic review has suggested that Foley catheter is not associated with an increased risk of infectious morbidity. 15 Controlled randomized studies should clarify the possibility of using the method in pregnant women colonized with Streptococcus group B with adequate antibiotic prophylaxis in the same terms that are applied to other methods of induction of labor. The only difference in intracervical catheters compared to pharmacological methods is the insertion of a foreign body. Considering that the catheter is sterile and the existence of intact membranes, the theoretic and additional risk of chorioamnionitis should be negligible.
As far as we know this is the first case series of cervix priming with Foley catheter that is presented in Portugal. Nonetheless we acknowledge the fact that we used each case as its own control in order to evaluate efficacy, with no external controls as a limitation of our study.
Future investigation about mechanical methods for cervix priming should also focus on the possibility of outpatient priming of cervix with these methods, contributing to decrease the costs and maternal dissatisfaction resulting from long inpatient periods associated with induction of labor with an unfavorable cervix. Mechanical methods promote cervical modification without increasing uterine contractions, being promising for cervix priming for women with a previous uterine scar or for outpatient cervical priming without the need of continuous fetal cardiotocography monitoring.
Foley catheter is a safe and effective method for cervix priming in case of unfavorable cervix.
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